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(54) OLEFIN COPOLYMER, FILM, AND SHEET 



(57) Provided is a novel olefin copolymer compris- 
ing [A] a cyclic olefin, [B] an aromatic vinyl compound 
and [C] an aliphatic a-olefin having from 2 to 20 carbon 
atoms. (1) the component [A] therein accounts for from 
0.1 to 30 mol%, the component [B] for from 0.1 to 49.9 



mol%, and the total of the components [A] and [B] for 
from 0.2 to 50 mol%; and (2) the copolymer has a glass 
transition temperature Tg of lower than 60°C. Having a 
suitable modulus of elasticity, the copolymer can be a 
substitute for soft polyvinyl chloride as a soft resin, and 
it has good elastic recovery and transparency. 
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iAVxV (4) 

wherein Q 1 represents a bonding group that crosslinks the two conjugated five-membered cyclic ligands 
5 ( C 5 H 5- a -b Rl b) and ( C 5 H 5-a-c R2 c)' ° 2 represents a bonding group that crosslinks the conjugated five-membered 

cyclic ligand (C 5 H 5 . a . d R 3 d ) and the group Z 1 ; R\ R 2 R 3 and R 4 each represents a hydrocarbon group, a halogen 
atom., an alkoxy group, a silicon-containing hydrocarbon group, a phosphorus-containing hydrocarbon group, a 
nitrogen-containing hydrocarbon group, or a boron-containing hydrocarbon group; and a plurality of these groups, 
if any, may be the same or different, and may be bonded to each other to form acyclic structure; a represents 0, 
10 1 or 2; b, c and d each represents an integer of from 0 to 5 when a = 0, or an integer of from 0 to 4 when a = 1 , or 

an integer of from 0 to 3 when a = 2; e is an integer of from 0 to 5; M 1 represents a transition metal of Groups 4 
to 6 or Groups 8 to 10 of the Periodic Table; M 2 represents a transition metal of Groups 8 to 10 of the Periodic 
Table; L 1 and L 2 each represents a covalent-bonding or coordination-bonding ligand, and they may be bonded to 
each other; X 1 , Y 1 , Z 1 and W 1 each represents a covalent-bonding or ionic-bonding ligand, and X 1 , Y 1 and W 1 
15 may be bonded to each other. 

8. Films and sheets formed of the olefin copolymer of any of above 1 to 7. 

BEST MODES OF CARRYING OUT THE INVENTION 

20 [0006] The invention is the olefin copolymer mentioned above, including films and sheets formed of the copolymer. 
The invention is described in detail hereinunder. 

1 . Olefin Copolymer: 

25 [0007] The olefin copolymer of the invention comprises [A] a cyclic olefin, [B] an aromatic vinyl compound and [C] 
an aliphatic ct-olefin having from 2 to 20 carbon atoms, and is characterized in that; 

(1) the component [A] accounts for from 0.1 to 30 mol%, the component [B] accounts for from 0.1 to 49.9 mol%, 
and the total of the components [A] and [B] accounts for from 0.2 to 50 mol%, and (2) the copolymer has a glass 
transition temperature Tg of lower than 60°C. 

30 [0008] The olefin copolymer of the invention is a random ter-copolymer comprising the above-mentioned components 
[A], [B] and [C]. Its composition generally satisfies the above-mentioned (1 ), but is preferably such that the component 
[A] accounts for from 0.1 to 1 0 mol%, the component [B] accounts for from 0.1 to 45 mol%, and the total of the com- 
ponents [A] and [B] accounts for from 0.2 to 50 mol%. 

[0009] If the amount of the component [A] therein is smaller than 0.1 mol% ; the transparency of the copolymer is 
35 poor. If, however, it is larger than 30 mol%, the glass transition temperature of the copolymer is high and the copolymer 
could not serve as a soft resin. If the amount of the component [B] therein is larger than 49.9 mol%, the glass transition 
temperature of the copolymer is high and the copolymer could not serve as a soft resin. If the total of the components 
[A] and [B] is smaller than 0.2 mol%, the copolymer will inevitably have a melting point of the crystal caused by the 
component [C] therein, and could not serve as a soft resin. On the other hand, if the total of the components [A] and 
40 [B] is larger than 50 mol%, the glass transition temperature of the copolymer is high and the copolymer could not serve 
as a soft resin. Regarding the composition of the ter-copolymer, it is desirable that the amount of the component [A] 
is larger than that of the component [B] for better transparency of the copolymer. 

[001 0] The olefin copolymer of the invention has a glass transition point (Tg) of lower than 60°C , but preferably lower 
than 30°C, more preferably lower than 20°C. If the copolymer does not satisfy the above-mentioned requirements, it 
45 could not be a soft resin having a suitable modulus of elasticity and having good elastic recovery and transparency. 
On the other hand, however, if its Tg is lower than -30°C, the elastic recovery of the copolymer will be poor. 
[0011] The cyclic olefin [A] for use in the invention is not specifically defined, including, for example, cyclic olefins of 
the following general formula (5): 

50 



55 
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represent a n»«,.n.„ awn. a nakaaan atom, a a Tom ? a »drL,bon group pnatarabn, h.a Iron, 

group, an anthracenyl group, etc. concretely including a methoxy group, an ethoxy 

a 2, 6-dimethylphenoxy group, a tnmethyls.loxy group, etc. concretely inc iuding a dimethylamino group, a 

hept-2-ene derivatives such as iJZ£cW2 2 1]hept-2-ene, 5-isobutylbic y clo[2.2.1]he^ 

clo[22.1lhept-2-ene,5-ethylbicyclo[2.2.1]he P t-2-enj derjvatives 

2-ene, 7- m ethylbic y clo[2.2.1]hept-2.ene etc; etc, tricyclo[4.4.0.ia^3-un- 

such as 2-meth y ltricyclo[4.3.0.1«}-3-decene 5 - m J?.^^ 4.0.1^-3-undecene, etc; tetracyclo 

decene; tncyclo^ A0.1^]-3-undecene 22ST£2rt« such as 8-methyltetracyclo 

[4 . 4 .0. 1 2,5,7,io ] .3- do decene; tetracyclo[4.4 0^^1 2 1-3 do* J 8 . prO p y rt e tracyclo[4.4.0.1».l7.i0]-3-do- 
4 4 .o.i2,5.i7.io l .3-dodecene, 8-eth y ltetrac y clol44.0.1".1 7 ^ ^J^JJ- J l2 Py 5 ^.lO^Vdodecene, 8-hexyltetra- 
decene.S-butyltetrac^^ 

cyclo[4.4.0.l2.M7. 1 o l -3-dodecene, 8-cyclo exyftet^^ 




5 



o.^rlrne^^ 

3-dodecene, 9-isobutyH 1 ,1 2-dimethyltetracyclo[4 A0^1 W.1 • ] 0 e 8 . ethylide ne-9-m e thyltetr a cyclo 

[4.4.0.12.5.1^-3-dodecene, 8-ethy.idenetetracyc °l^0J ^ ■ ^JJ^^,^* 8 . e th y lidene-9-isopro- 
4 4 0 12.5.17.10,-3-dodecene, 8-ethylidene-9-ethyltetracy C lo[4A0.^ I .1 l*« • 8 . n . pr0 pyli- 

p y ulcyclo[4.4.0.1^.1^ ^-3-dodecene. W***^^ J 0 .1« ^-a-dodecene, B* 

dLtetrLvdo[44.0.1^ 

pr o Py iidene-9-eth yH etrac y clo l 4.4.0.l2.s. 7,0,. 3 . ,^2^ 8 Jprop y iidene te trac y c.ot4.4.0.l2. 5 . 
3-dodecene, S-n-propylidene^butyltetr^ 

1 7.iO].3.dodecene,8-isopro Py lidene-9-methv1tetrac y clol4.4.o. ^ 1 7.io ] . 3 . d odecene, 8-isopropyli- 

clo t 4A0.1».1'^]-3-dodecene, ^^^TZ^SSSi 4 dodecene, 8-bromotetracy- 

de e-^ttetracy^ Uchlorotetracyclo-4.4.0.^. 

I7,i0].3.dodecene, etc.; pentacyclo[6.b.i.i u .u j w 
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decene derivatives such as 1 ,3-dimethylpentacyclo[6.5.1 .1 3 - 6 .0 2 - 7 .0 9 ' 13 ]-4-pentadecene 5 1, 6-dimethylpentacyclo 
[6.5.1.1 3 ' 6 .0 27 .0 9 ' 13 ]-4-pentadecene, 14 5 15-dimethylpentacyclo[6.5.1 .1 3 ' 6 .0 2 - 7 .0 9 - 13 ]-4-pentadecene ! etc.; pentacyclo 
[7.4.0. 1 2 . 5 .1 9 ' 12 .0 8 ' 13 ]-3-pentadecene; pentacyclo[7.4.0.1 2 5 .1 9 - 12 .0 8 ' 13 ]-3-pentadecene derivatives such as methyl- 
substituted pentacyclo[7.4.0.1 2 - 5 .1 9 ' 12 .0 8 - 13 ]-3-pentadecenes : etc.; pentacyclopentadecadiene compounds such as 
pentacyclo[6.5.1.1 3 - 6 .0 2 « 7 .0 913 ]-4 ! 10-pentadecadiene : etc.: pentacyclo[8.4.0.1 2 - 5 .1 9 - 12 .0 8 . 13 ]-3-hexadecene; pentacy- 
clo[8.4.0.1 2 ' 5 .1 9 - 12 .0 8 « 13 )-3-hexadecene derivatives such as 11-methylpentacyclo[8.4.0.1 2 - 5 .1 9 « 12 .0 8 ' 13 ]-3-hexa- 
decene, 11-ethylpentacyclo[8.4.0.1 25 .1 9 - 12 .0 8 ^l-S-hexadecene, 10 } 11-dimethylpentacyclo[8.4.0.1 2 - 5 .1 9 ' 12 .0 8 - 13 ]- 
3-hexadecene 5 etc. ; pentacyclo[6.6.1.1 3 ' 6 .0 2 - 7 .0 9 ' 14 ]-4-hexadecene; pentacyclo[6.6.1 .1 3 « 6 .0 2 « 7 .0 9 - 14 ]-4-hexadecene 
derivatives such as 1,3-dimethylpentacyclo[6.6.1.1 3 ' 6 .0 2 - 7 .0 9 - 14 ]-4-hexadecene s 1 ,6-dimethylpentacyclo[6.6.1 .1 3 - 6 . 
0 2,7 .o 9 - 14 ]-4-hexadecene J 15.16-dimethylpentacyclo[6.6.1.1 3 - 6 .0 2 ' 7 .0 9 ' 14 H-hexadecene, etc.; hexacyclo[6.6.1 .1 3 - 6 . 
^0,13 .o 2 . 7 .0 9 « 14 ]-4-heptadecene; hexacyclo[6.6.1 .1 3 - 6 .1 1 °. 13 .0 2 . 7 .0 9 - 14 ]-4-heptadecene derivatives such as 12-methyl- 
hexacyclo[6.6.1.1 3 ' 6 .1 10 - 13 .0 2 . 7 .0 9 ' 14 ]-4-heptadecene ) 12-ethylhexacyclo[6.6.1.1 3 . 6 .1 10 13 .0 2 ' 7 .0 9 ' ,4 ]-4-heptadecene l 
12-isobutylhexacyclo[6.6.1.1 3 ' 6 .1 10 - 13 .0 2 ' 7 .0 9U ]-4-heptadecene ) 1 ^^O-trimethyl-^-isobutylhexacyclotG.e.l.l 3 - 6 . 
1 10,13 o2,7,o 9 - 14 ]-4-heptadecene, etc.; heptacyclo-5-eicosene derivatives such as heptacyclo[8.7.0.1 2 - 9 .1 4 - 7 .1 11 - 17 .0 3 - 8 . 
0i2,i5].5. e icosene } etc.; heptacyclo[8.7.0.1 3 ' 6 .1 10 « 17 .1 12 - 15 .0 2 ' 7 .0 11 ' 16 ]-4-eicosene: heptacyclo[8.7.0.1 3 - 6 .1 10 - 17 .1 12 > 15 . 
0 2,7.o 11 . 16 ]-4-eicosene derivatives such as dimethyl-substituted heptacyclo[8.7.0.1 3 - 6 .1 10 - 17 .1 12 ^ 15 .0 2 ' 7 .0 11 ' 16 H-ei- 
cosenes, etc.; heptacyclo-5-heneicosene derivatives such as heptacyclo[8.8.0.1 2 - 9 .1 4 ' 7 .1 11 ' 18 .0 3 . 8 .0 12 . 17 ]-5-henei- 
cosene, heptacyclo[8.8.0.1 4 ' 7 .1 11 « 18 .1 13 - 16 .0 3 . 8 .0 12 ' 17 ]-5-heneicosene, 15-methylheptacyclo[8.8.0.1 4 « 7 .1 11 - 18 .1 13 ' 16 . 
0 3,8 .o 12 ' 17 ]-5-heneicosene, trimethyl-substituted heptacyclo[8.8.0.1 4 ' 7 .1 11 - 18 .1 13 ' 16 .0 3 ' 8 .0 12 ' 17 ]-5-heneicosene, etc.; 
octacyclo[8.8.0.1 2 - 9 . 1 4 ' 7 .1 11 - 18 .1 13 - 16 .0 3 ' 8 .0 12 - 17 ]-5-docosene; octacyclo[8.8.0.1 2 ' 9 .1 4 - 7 .1 11 ' 18 .1 13 ' 16 .0 3 ' 8 .0 12 - 17 ]-5-do- 
cosene derivatives such as 15-methyloctacyclo[8.8.0.1 2 ' 9 .1 4 « 7 .1 11 - 18 .1 13 ' 16 .0 3 . 8 0 12 . 17 ]-5-docosene, 1 5-ethyloctacyclo 
[8.8.0.1 2 . 9 .1 4 7 .1 11 ' 18 .1 13 ' 16 .0 3 . 8 .0 12 . 17 ]-5-docosene l etc.; nonacyclo[1 0.9.1. 1 4 - 7 .1 13 ^°.1 15.18 0 2jo 0 3,8 0 12.21 0 14,19]. 
5-pentacosene; nonacyclo[1 0.9.1 .1 4 - 7 .1 13 - 20 .1 15,18 0 2.io o3,8 0 12.21 oi4.i9].5.p enta cosene derivatives such as trime- 
thyl-substituted nonacyclo[10.9.1.1 4 - 7 .1 13 - 20 ^ etc.; nonacyclo 
[10.10.1.1 5 8 1 14 -21.1 16.19 0 2,ii o4.9oi 3 .22 oi5.20]. 6 . hexacoS ene and nonacyclo[10.10.1 .1 5 - 8 .1 14 - 21 .1 16 ' 19 .0 2 - 11 .0 4 ' 9 . 
0 13,22 .o 15 - 20 ]-6-hexacosene derivatives; 5-phenylbicyclo[2.2.1]hept-2-ene, 5-methyl-5-phenylbicyclo[2.2.1]hept- 
2-ene, 5-benzylbicycio[2.2.1]hept-2-ene, 5-tolylbicyclo[2.2.1]hept-2-ene, 5-(ethylphenyl)bicyclo[2.2.1]hept-2-ene, 5- 
(isopropylphenyl)bicyclo[2.2.1]hept-2-ene, 5-biphenyibicyclo[2.2.1]hept-2-ene, 5-(p-naphthyl)bicyclo[2.2.1]hept- 
2-ene, 5-(a-naphthyl)bicyclo[2.2.1]hept-2-ene, 5-anthracenylbicyclo[2.2.1]hept-2-ene, 5.6-diphenylbicyclo[2.2.1]hept- 

2- ene, cyclopentadiene-acenaphthylene adduct, 1 ^-methano-M^a^a-tetrahydrofluorene, 1 ,4-methano-1 ,4,4a, 
S^OJOa-hexahydroanthracene, 8-phenyltetracyclo[4.4.0.1 2 ' 5 .1 7 ' 10 ]-3-dodecene, 8-methyi-8-phenyltetracyclo 
[4.4.0.1 2 ' 5 .1 7 - 10 ]-3-dodecene, 8-benzyltetracyclo[4.4.0.1 2 - 5 .1 7 ' 10 ]-3-dodecene, 8-tolyltetracyclo[4.4.0.1 2 - 5 .1 7 ' 10 ]-3-do- 
decene, S-fethylphenyOtetracycloK^.O.^.s.^'^l-S-dodecene, S-fisopropylphenyOtetracyclo^^.O.^-S.^^oi^-do- 
decene, S^-diphenyltetracyclo^^.O.l^s.^.^J-S-dodecene, 8-biphenyltetracyclo[4.4.0.1 2 . 5 .1 7 « 10 ]-3-dodecene, 8-(p- 
naphthyl)tetracyclo[4.4.0.1 2 . 5 .1 7 - 10 ]-3-dodecene, 8-(a-naphthyl)tetracyclo[4.4.0.1 2 . 5 .1 7 - 10 ]-3-dodecene, 8-anthrace- 
nyltetracyclo[4.4.0. 1 2 - 5 .1 7 - 10 ]-3-dodecene, cyclopentadiene-cyclopentadiene-acenaphtylene adduct, 11,1 2-benzopen- 
tacyclo[6.5.1.1 3 « 6 .0 2 ' 7 0 9 « 13 ]-4-pentadecene, 11,12-benzopentacyclo[6.6.1.1 3 - 6 .0 2 « 7 .0 9 « 14 H-hexadecene, 11-phenyl- 
hexacyclo[6.6.1.1 3 - 6 .1 10 ' 13 .0 2 ' 7 .0 9 ' 14 ]-4-heptadecene, 14,15-benzoheptacyclo[8.7.0.1 2 « 9 .1 4 « 7 .1 11 ' 17 .0 3 ' 8 .0 12 ' 16 ]-5-ei- 
cosene, etc. 

[0017] One or more of these cyclic olefins of formula (5), optionally as combined, may be used herein. 
[0018] The aromatic vinyl compound [B] for use in the invention includes styrene; alkylstyrenes such as p-methyl- 
styrene, p-ethylstyrene : p-propylstyrene, p-isopropylstyrene, p-butylstyrene, p-tert-butylstyrene, o-methylstyrene, o- 
ethylstyrene, o-propylstyrene : o-isopropylstyrene, m-methylstyrene, m-ethylstyrene, m-isopropylstyrene, m-butylsty- 
rene, mesitylstyrene, 2,4-dimethylstyrene, 2,5-dimethylstyrene, 3,5-dimethylstyrene, etc.; alkoxystyrenes such as p- 
methoxystyrene, o-methoxystyrene : m-methoxystyrene, etc.; halogenostyrenes such as p-chlorostyrene, m-chloros- 
tyrene, o-chlorostyrene : p-bromostyrene, m-bromostyrene, o-bromostyrene, p-fluorostyrene, m-fluorostyrene, o-fluor- 
ostyrene, o-methyl-p-fluorostyrene, etc.; as well as p-phenylstyrene, p-trimethylsilylstyrene, vinyl benzoate, divinyl- 
benzene, etc. One or more of these aromatic vinyl compounds, optionally as combined, may be used herein. 
[0019] The aliphatic a-olefin [C] having from 2 to 20 carbon atoms for use in the invention includes, for example, a- 
olefins such as ethylene, propylene, 1-butene, 3-methyl- 1-butene, 4-methyl-1-butene, 4-phenyl-1-butene, 1-pentene, 

3- methyM-pentene, 4-methyl- 1-pentene, 3,3-dimethyl-1-pentene, 3 : 4-dimethyl-1-pentene, 4,4-dimethyM-pentene, 
1-hexene, 4-methyl-1-hexene, 5-methyM -hexene, 6-phenyl-1 -hexene, 1-octene, 1 -decene, 1-dodecene, 1-tetra- 
decene, 1 -hexadecene, 1-octadecene, 1-eicosene, vinylcyclohexane, etc.; halogen-substituted a-olefins such as hex- 
afluoropropene, tetrafluoroethylene, 2-fluoropropene, fluoroethylene, 1 ,1-difluoroethylene, 3-fluoropropene, trifluor- 
oethylene, 3,4-dichloro-1 -butene, etc.; cyclic diolefins having a double bond at the a-position such as butadiene, iso- 
prene, 1, 4-pentadiene : 1 , 5-hexadiene, etc. One or more of these a-olefins, optionally as combined, may be used 
herein. 

[0020] The limiting viscosity [x\] measured in decalin at 1 35°C of the olefin copolymer of the invention may fall gen- 
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copolymer »< ime " li0 " iS ," SC 85 ,J^« * r •"•« Mil k P"*»**» 8 ™" "^p, „ its ,eb* 
Morepreferably,thetens,lemodulusofthecop t most 20 % It its internal haze is 

.00241 Preferably, the olefin =*°^«™" , .„ 20 carbon atoms in Hie presence of an o elm P y 

Lpoano anb an *bl* - «S^ 2 — . . i^K^iEl (Q» 
j catalyst that comprises (D) at leasi or perio(j|C Table of tne t0, «^"8» compounds, (e- 

0'. ( C s H,> k MC 5 H M yy*V ™ 



30 



(2) 

Q 2 a (C 5 H, a ,R 3 d )Z 1 M 1 X 1 Y 1 

(c 5 h, 6 r\)mVyV 



(4) 

lYVxV 

hydrocarbon group, or a u b °7-~' n o ? he y rtoforTtl acyclic structure; a represents 0, 1 or2 D C g = 2; 

[00251 0 .,ndtfinfbmrula.(t)and(2)arebb ..,.«».■<*»•''* 
IbU^brpbenylgfbbpaU^ 
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alkoxy group), etc.) containing germanium, phosphorus, nitrogen, boron or aluminium, such as a (CH 3 ) 2 Ge group, 
a (C 6 H 5 ) 2 Ge group, a (CH 3 )P group, a (C 6 H 5 )P group, a (C 4 H 9 )N group, a (C 6 H 5 )N group, a (CH 3 )B group, a 
(C 4 H 9 )B group, a (C 6 H 5 )B group, a (C 6 H 5 )AI group, a (CH 3 0)AI group, etc. 

5 [0026] Of those, preferred.for Q 1 and Q 2 are alkylene groups having from 1 to 4 carbon atoms, and silylene groups. 
[0027] (C 5 H 5 _ a _ b R 1 b ), (C 5 H 5 . a< R 2 c ) and (C 5 H 5 . aKj R 3 d ) are conjugated, 5-membered cyclic ligands, in which R 1 . R 2 
and R 3 each represents a hydrocarbon group, a halogen atom, an alkoxy group, a silicon-containing hydrocarbon 
group, a phosphorus-containing hydrocarbon group, a nitrogen-containing hydrocarbon group, or a boron-containing 
hydrocarbon group; a represents 0, 1 or 2; and b, c and d each represents an integer of from 0 to 5 when a = 0, or an 

10 integer of from 0 to 4 when a = 1 , or an integer of from 0 to 3 when a = 2. The hydrocarbon group preferably has from 
1 to 20 carbon atoms, more preferably from 1 to 12 carbon atoms. The hydrocarbon group may be a monovalent one 
that bonds to the cyclopentadienyl group of the conjugated, 5-membered cyclic group. Two of plural hydrocarbon 
groups, if any, may be bonded to each other to form a cyclic structure along with a part of the cyclopentadienyl group. 
Specific examples of those conjugated, 5-membered cyclic ligands are substituted or unsubstituted cyclopentadienyl 

J5 groups, indenyl groups and fluorenyl groups. 

[0028] The halogen atom includes chlorine, bromine, iodine and fluorine atoms. The alkoxy group preferably has 
from 1 to 12 carbon atoms. 

[0029] The silicon-containing hydrocarbon group includes, for example, groups of -Si (R 25 ) (R 26 ) (R 27 ), in which R 25 , 
R 26 and R 27 each represents a hydrocarbon group having from 1 to 24 carbon atoms. As the phosphorus-containing 
20 hydrocarbon group, the nitrogen-containing hydrocarbon group and the boron-containing hydrocarbon group, for ex- 
ample, mentioned are groups of -P(R 28 )(R 29 ), -N(R 28 )(R 29 ), and -B(R 28 )(R 29 ), respectively, in which R 28 and R 29 each 
represents a hydrocarbon group having from 1 to 1 8 carbon atoms. Plural R 1 's, R 2 's and R 3 's, if any, may be the same 
or different ones, respectively. In formula (1), the conjugated, 5-membered cyclic ligands (C 5 H5_ a . b R 1 b ) and 

( C 5 H 5-a-c R2 c) mav be tne same or different ones. 

25 [0030] M 1 represents a transition metal element of Groups 4 to 6 and Groups 8 to 1 0 of the Periodic Table, including, 
for example, titanium, zirconium, hafnium, vanadium, niobium, molybdenum, tungsten, iron, cobalt, nickel, palladium, 
platinum, etc. Of those, preferred are titanium, zirconium : hafnium, iron, nickel and palladium. 
[0031] Z 1 represents a covalent-bonding ligand, including, for example, oxygen (-0-), sulfur (-S-), an alkoxy group 
having from 1 to 20, preferably from 1 to 10 carbon atoms, a thioalkoxy group having from 1 to 20, preferably from 1 

30 to 12 carbon atoms, a nitrogen-containing hydrocarbon group having from 1 to 40, preferably from 1 to 18 carbon 
atoms, and a phosphorus-containing hydrocarbon group having from 1 to 40, preferably from 1 to 1 8 carbon atoms. 
[0032] X 1 and Y 1 each represents a covalent-bonding or ionic-bonding ligand, including, for example, a hydrogen 
atom, a halogen atom, a hydrocarbon group having from 1 to 20 : preferably from 1 to 10 carbon atoms, an alkoxy 
group having from 1 to 20, preferably from 1 to 1 0 carbon atoms, an amino group, a phosphorus-containing hydrocarbon 

35 group having from 1 to 20, preferably from 1 to 12 carbon atoms (e.g., a diphenylphosphine group, etc.), a silicon- 
containing hydrocarbon group having from 1 to 20, preferably from 1 to 12 carbon atoms (e.g., a trimethylsilyl group, 
etc.), and a boron compound residue having a hydrocarbon group with from 1 to 20, preferably from 1 to 12 carbon 
atoms or having halogens (e.g., B(C 6 H 5 ) 4 , BF 4 ). Of those, preferred are a hydrogen atom, a halogen atom, a hydro- 
carbon group, and an alkoxy group. X 1 and Y 1 may be the same or different. 

40 [0033] In formula (3), M 1 represents a transition metal of Groups 4 to 6 and Groups 8 to 10 of the Periodic Table, 
like in the above; W 1 represents a covalent-bonding or ionic-bonding ligand, including, for example, a hydrogen atom, 
a halogen atom, a hydrocarbon group having from 1 to 20, preferably from 1 to 10 carbon atoms, an alkoxy group 
having from 1 to 30, preferably from 1 to 20 carbon atoms, an amino group, an amidinato group, a phosphorus-con- 
taining hydrocarbon group having from 1 to 20, preferably from 1 to 12 carbon atoms (e.g., a diphenylphosphine group, 

45 etc.), a silicon-containing hydrocarbon group having from 1 to 20 : preferably from 1 to 12 carbon atoms (e.g., a tri- 
methylsilyl group, etc.), and a boron compound residue having a hydrocarbon group with from 1 to 20, preferably from 
1 to 12 carbon atoms or having halogens (e.g., BfCgH^, BF 4 ). Of those, preferred are a halogen atom, a hydrocarbon 
group, and an alkoxy group. 

[0034] In formula (4), L 1 and L 2 each represents a covalent-bonding or coordination-bonding ligand, and they may 
so be bonded to each other. Specific examples of L 1 and L 2 are a hydrocarbon group having from 1 to 20, preferably from 
1 to 10 carbon atoms, an alkoxy group having from 1 to 30, preferably from 1 to 20 carbon atoms, an amino group, an 
amidinato group, a phosphorus-containing hydrocarbon group having from 1 to 20, preferably from 1 to 12 carbon 
atoms (e.g., a diphenylphosphine group, etc.), a silicon-containing hydrocarbon group having from 1 to 20, preferably 
from 1 to 1 2 carbon atoms (e.g., a trimethylsilyl group, etc.), triphenylphosphine, acetonitrile, benzonitrile, 1 ,2-bisdiphe- 
55 nylphosphinoethane, 1,3-bisdiphenylphosphinopropane, I.V-bisdiphenytphosphinoferrocene, cyclooctadiene, pyrid- 
ine, bistrimethylsilylaminobistrimethylsilyliminophospholane, etc. 

[0035] X 1 and Y 1 each represents a covalent-bonding or ionic-bonding ligand, and they may be bonded to each 
other. As described hereinabove, specific examples of X 1 and Y 1 are a hydrogen atom, a halogen atom, a hydrocarbon 



EP1 153 947 A1 



group having from 1 to 20, preferably from 1 to 1 0 carbon atoms, an alkoxy group having from 1 to 20, preferably from 
1 to 10 carbon atoms, an amino group, a phosphorus-containing hydrocarbon group having from 1 to 20, preferably 
from 1 to 12 carbon atoms (e.g.. a diphenylphosphine group, etc.), a silicon-containing hydrocarbon group having from 
1 to 20 preferably from 1 to 12 carbon atoms (e.g., a trimethylsilyl group, etc.), and a boron compound residue having 

5 a hydrocarbon group with from 1 to 20. preferably from 1 to 12 carbon atoms or having halogens (e.g., B(C 6 H 5 ) 4 , BF 4 ). 
Of those preferred are a halogen atom and a hydrocarbon group, and Yi may be the same or different. 
[0036] M2 represents a transition metal of Groups 8 to 1 0 of the Periodic Table, including, for example, nickel, pal- 
ladium platinum, iron, cobalt, rhodium, ruthenium, etc. Preferred are iron, nickel and palladium. 
[0037] Specific examples of the transition metal compounds of formulae (1) and (2) are compounds <1> to <7> 

10 mentioned below. In these, the position of each substituent is designated as follows: 



15 



20 



25 



4-\ I ^4 

i 1-x-r i 
3^/ I V 3 ' 



! 



2' ' 



4' 



30 



35 



6-7 




40 



45 



50 



55 




<1 > Transition metal compounds not having a crosslinkable bonding group but having two conjugated, 5-membered 
cyclic ligands such as bis(cyclopentadienyl)titanium dichloride, bis(methylcyclopentadienyl)titanium dichlor.de, 
bis(1 3-dimethylcyclopentadienyl)titanium dichloride, bis(1,2,4-trimethylcyclopentadienyl)titanium dichloride, bis 
(tetramethylcyclopentadienyl)titanium dichloride, bis(pentamethylcyclopentadienyl)titanium dichlonde, bis(n-bu- 
tylcyclopentadienyl)titanium dichloride, bis(indenyl)titanium dichloride, bis(fluorenyl)titanium dichloride, bisfcy- 
clopentadienyDtitanium chlorohydride, bis(cyclopentadienyl)methyftitanium chloride, bis(cyclopentad.enyl)ethytti- 
tanium chloride, bis(cyclopentadienyl)phenyltitanium chloride, bis(cyclopentadienyl)dimethylt.tanium, b.s(cy- 
clopentadienyl)diphenyltitanium,bis(cyclopentadienyl)dineopentyltitanium, bis(cyclopentadienyl)d.hydrotrtan.um, 
(cyclopentadienyl)(indenyl)titanium dichloride, (cyclopentadienyl)(fluorenyl)titanium dichlonde, etc.; 
<2> Transition metal compounds having two conjugated, 5-membered cyclic ligands, in which the two ligands are 
crosslinked with an alkylene group, such as rac-methylenebis(indenyl)titanium dichloride, rac-ethylenebis(indenyl) 
titanium dichloride, rac-methylenebis(indenyl)tttanium chlorohydride, rac-ethylenebis(indenyl)methyltitan.um chlo- 
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ride, rac-ethylenebis(indenyl)methoxychlorotitanium, rac-ethylenebis(indenyl)titanium diethoxide, rac-ethylenebis 
(indenyl)dimethyltitanium, rac-ethylenebis(4 : 5,67-tetrahydroindenyl)titanium dichloride, rac-ethylenebis(2-meth- 
ylindenyl)titanium dichloride, rac-ethylenebis(2 : 4-dimethylindenyl)titanium dichloride, rac-ethylenebis(2-methyl- 

4- trimethylsilylindenyl)titanium dichloride, rac-ethylenebis(2 ! 4Hjimethyl-4 : 5 : 6,7-tetrahydroindenyl)titanium dichlo- 
ride, ethylene(2 ! 4-dimethylcyclopentadienyl)(3\5'-dimethylcyclopentadienyl)titanium dichloride, ethylene(2-me- 
thyl-44ert-butylcyclopentadienyl)(3^ dichloride, ethylene(2 5 3 5 5-tri- 
methylcyclopentadienyl)(2\4\5'-trimethylcyclopentadienyl)titanium dichloride, rac-isopropylidenebis(indenyl)tita- 
nium dichloride, rac-isopropylidenebis(4 ? 5 : 6,7-tetrahydroindenyl)titanium dichloride, rac-isopropylidenebis 
(2-methylindenyl)titanium dichloride, rac-isopropylidenebis(2,4-dimethylindenyl)titanium dichloride, rac-isopropyli- 
denebis(4 } 5-benzoindenyl)titanium dichloride, isopropylidene(2 5 4-dimethylcyclopentadienyl)(3 , ,5 , -dimethylcy- 
clopentadienyl)titanium dichloride, isopropylidene(2-methyl-44ert-butylcyclopentadienyl)(3 , 4ert-butyl-5'-methyl- 
cyclopentadienyl)titanium dichloride, methylene(cyclopentadienyl)(3 ; 4-dimethylcyclopentadienyl)titanium dichlo- 
ride, methylene(cyclopentadienyl)(3,4-dimethylcyclopentadienyl)titaniumchlorohydride, methylenefcyclopentadi- 
enyl)(3,4-dimethylcyclopentadienyl)dimethyltitanium, methylene(cyclopentadienyl)(3,4-dimethylcyclopentadi- 
enyl)diphenyltitanium,methylene(cyclopentadienyl)(trimethylcyclopentadienyl)-titaniu 

clopentadienyl)(tetramethylcyclopentadienyl)-titanium dichloride, isopropylidene(cyclopentadienyl)(3,4-dimethyl- 
cyclopentadienyl)titanium dichloride, isopropylidene(cyclopentadienyl)-(tetraniethylcyclopentadienyl)titanium 
dichloride, isopropylidene(cyclopentadienyl)(3-methylindenyl)titanium dichloride, isopropylidene(cyclopentadi- 
enyl)(fluorenyl)titanium dichloride, isopropylidene(2-methylcyclopentadienyl)(fluorenyl)titanium dichloride, isopro- 
pylidene(2,5-dimethylcyclopentadienyl)(3\4'-dimethylcyclopentadienyl)titanium dichloride, isopropylidene (2, 

5- dimethylcyclopentadienyl)(fluorenyl)titanium dichloride, ethylene(cyclopentadienyl)(2,4-dimethylcyclopentadi- 
enyl)titanium dichloride, ethylene(cyclopentadienyl)(fluorenyl)titanium dichloride, ethylene(2,5-dimethylcyclopen- 
tadienyl)(fluorenyl)titanium dichloride, ethylene(2,5-diethylcyclopentadienyl)(fluorenyl)titanium dichloride, diphe- 
nylmethylene(cyclopentadienyl)(3,4-diethylcyclopentadienyl)titanium dichloride, diphenylmethylene(cyc!openta- 
dienyl)(3,4-diethylcyclopentadienyl)titanium dichloride, cyclohexylidene(cyclopentadienyl)(fluorenyl)titanium 
dichloride, cyclohexylidene(2,5-dimethylcyclopentadienyl)(3\4'-dimethylcyclopentadienyl)titanium dichloride, etc. : 
<3> Transition metal compounds having two silylene-crosslinked, conjugated, 5-membered cyclic ligands, such 
as rac-dimethylsilylenebis(indenyl)titanium dichloride, rac-dimethylsilylenebis(4 J 5,6,7-tetrahydroindenyl)titanium 
dichloride, rac-dimethylsilylenebis(2-methylindenyl)titanium dichloride, rac-dimethylsilylenebis (2, 4-dimethylinde- 
nyl) titanium dichloride, rac-dimethylsilylenebis(2-methyl-4-phenylindenyl)titanium dichloride, rac-dimethylsi- 
lylenebis(2,7-dimethyl-4-phenyiindenyl)titanium dichloride, rac-dimethylsilylenebis(2-methyl-4-naphthylindenyl)ti- 
tanium dichloride, rac-dimethylsilylenebis(4,5-benzoindenyl)titanium dichloride, rac-dimethylsilylenebis(2-methyl- 
4,5-benzoindenyl)titanium dichloride, dimethylsilylenebis(2,4-dimethylcyclopentadienyl)(3*,5'-dimethylcyclopenta- 
dienyl)titanium dichloride, rac-phenylmethylsilylenebis(indenyl)titanium dichloride, rac-phenylmethylsilylenebis 
(4,5,6,7-tetrahydroindenyl)titanium dichloride, rac-phenylmethylsilylenebis(2,4-dimethylindenyl)titanium dichlo- 
ride, phenylmethylsilylene(2,4-dimethylcyclopentadienyl)(3 , ,5 , -dimethylcyclopentadienyl) titanium dichloride, phe- 
nylmethylsilylene(2,3,5-trimethylcyclopentadienyl)(2\4\5'-trimethylcyclopentadienyl)titanium dichloride, phenyl- 
methylsilylenebis(tetramethylcyclopentadienyl)-titanium dichloride, rac-diphenylsilylenebis(2,4-dimethylindenyl) 
titanium dichloride, rac-diphenylsiiylenebis (indenyl)titanium dichloride, rac-diphenylsilylenebis(2-methylindenyl) 
titanium dichloride, rac-tetramethyldisilylenebis(indenyl)titanium dichloride, tetramethyldisilylenebis(cyclopentadi- 
enyl)titanium dichloride, tetramethyldisilylene(3-methylcyclopentadienyl)(indenyl)titanium dichloride, dimethylsi- 
lylene(cyclopentadienyl)(3,4-dimethylcyclopentadienyl)titanium dichloride, dimethylsitylene-(cyclopentadienyl) 
(2,3,5-trimethylcyclopentadienyl)titanium dichloride, dimethylsilylene(cyclopentadienyl)(tetramethylcyclopentadi- 
enyl)titanium dichloride, dimethylsilylene(cyclopentadienyl)(3,4-diethylcyclopentadieny)titanium dichloride, 
dimethylsilylene(cyclopentadienyl)(2 I 3,5-triethylcyclopentadienyl)titanium dichloride, dimethylsilylene(cyclopen- 
tadienyl)(tetraethylcyclopentadienyl)titanium dichloride, dimethylsilylene(cyclopentadienyl)(tluorenyl)titanium 
dichloride : dimethylsilylene(cyclopentadienyl)(2,7-di-tert-butylfluorenyl)titanium dichloride, dimethylsilylene(cy- 
clopentadienyl)(octahydrofluorenyl)titanium dichloride, dimethylsilylene(2-methylcyclopentadienyl)(fluorenyl)tita- 
nium dichloride, dimethylsilylene(2,5-dimethylcyclopentadienyl)(fluorenyl)titanium dichloride, dimethylsilylene 
(2-ethylcyclopentadienyl)(fluorenyI)titanium dichloride, dimethylsilylene(2,5-diethylcyclopentadienyl)(fluorenyl)ti- 
tanium dichloride, diethylsilylene(2-methylcyclopentadienyl)(2 , ,7 , -di-tert-butylfluorenyl)titanium dichloride, dimeth- 
ylsilylene(2,5-dimethylcyclopentadienyl)(2 , > 7 , -di-tert-butylfluorenyl)titanium dichloride, dimethylsilylene(2-ethylcy- 
clopentadienyOC^J'-di-tert-butylfluorenyQtitanium dichloride, dimethylsilylene(2,4-diethylcyclopentadienyl)(2 , ,7 , - 
di-tert-butylfluorenyl)titanium dichloride, dimethylsilylene(methylcyclopentadienyl)(octahydrofluorenyl)titanium 
dichloride, dimethylsilylene(2,4-dimethylcyclopentadienyl)(octahydrofluorenyl)titanium dichloride, dimethylsi- 
lylene-(ethylcyclopentadienyl)(octahydrofluorenyl)titanium dichloride, dimethylsilylene(2,4-diethylcyclopentadi- 
enyl)(octahydrofluorenyl)titanium dichloride ; etc.; 

<4> Transition metal compounds having two conjugated, 5-membered cyclic ligands, in which the two ligands are 
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relinked with a qermanium- aluminium-, boron-, phosphorus-or nitrogen-containing hydrocarbon group, such 
a atd^ 

phenyi a ,u m ylene(cyclopentadieny.)(t.uoren y l)t,tan,um d,chlor,de, 

S Transition metal compounds having one conjugated, 5-membered cyclic ligand, such as (pe M 
dopentad en y)[ bis(phenyl)amino]titanium dichloride, (indenyl)[bis(phenyl)amino]t,tan,um dichlonde, (pentame ft- 

dichloride ' (Pentamethylcyclopentad.enyophenoxyttanmm 

SdedS 

noXnium dichloride, dimethylsilylene(tetramethylcyclopentadi 

•SeSLthyteyclopem dichloride, dimethylsii y lene(tetrah y dr^ 

cSnotSm dichloride, dimethy.silylene(tetrahydroindenyl)-(trimethyl S ilylamino)t,tan,um dichlonde, c me ft£ 
SS^teit^u^nojLU dichlonde, dimethylsilylene(2-indenyl)(isopr^ 
Srfed^elh^ 

S2,2-dimeth y ,si. y .ene)L(3,4^ 
Lethvlsilylene)(c y clopentadien y l)(3,5-dimethylcyclo P entadienyl)titan,umd.chlonde,(1,1 ■^y te '^!^ 

dimethvlsilv ene)(4-methylcyclopentadienyl)(3',5 1 -dimethylcyclopentad,enyl)t,tan 1 um d.chlonde (1 ,2 -d.meth 
£L ene W2 dich,oride ' (1,2 , -dimeth y lsii y iene)(2,1--dimeth y ls l l y ene)b.s 

dichloride (1.2^imethylsilylene)(2,r-dimethylsilylene)bis(4,5.benzo,ndeny^ 

Mene 2 V-dimeth y | S i^ene)bis(5,6-benzoinden y l)titaniurn dichloride, (1 ^•-d.methyla.lylene)^^ -ethylene)b s(,n 
den^ 

S2^.)bli(ln*i^lum dichloride, (l.^'^'y^ 

dllZe ^ (i2'-ethvlene)(21'-eth y lene)bis(inden y l)titanium dichloride, (1,2'-eth y lene)(2,1'-eth y lene)bs(3-meth- 
dichlonde (1 ,2 ethylene £i e ^' e ' v i hvlene) bis(4,7-dimethylindenyl)titanium dichloride, (1 ,2'-ethyl- 

« „i»n Jwlrida (1 2' ethvlene!(2 V-ethylene)bis(4,5,6,7-tetrahydroindenyl)titanium dichlonde, (1 ,2 -ethylene) 
^y^ 

X DeTativestom compounds of (1) to (6) noted above, which are produced by substituting the chlorine atoms 
i those "<1) to (6) with any of a bromine atom, an iodine atom, a hydrogen atom, . methyl group a 

i substituting the center metal, titanium in those transition metal compounds wrth 
any of zirconium, hafnium, vanadium, niobium, moi y bdenum, tungsten and others, 
rooaai specific examples of the transition metal compounds of formula (3) are mentioned below 

Chloride cyclopentadienylethyltitanium dichloride, tetrahydroindenyltitamum tnohlonde, 

Wch londe ocTahydrofluorenyftitanium trichloride, pentamethylcyclopentadienyimanium tnmethc «J P"«£^ 

cCntad^ 
eny^ 

SaSves from these compounds, which are produced by substituting the chlorine atoms m these W^ds w h 
anv of a bromine atom an iodine atom, a hydrogen atom, a methyl group, a phenyl group and others, and by substitu ng 
the cl«a. tLnium in these transition La, compounds w*h any of zirconium, hafnium, vanadium, n.ob.um, 
molybdenum, tungsten and others. 
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[0040] Specific examples of the transition metal compounds of formula (4) are 2 : 2Mhiobis(6-tert-butyl-4-methylphe- 
noxy)titanium dichloride, [1,3-bis(2 ! 6-diisopropylphenylaminato)propane]titanium dichloride, bis[bis(trimethylsiiy1)ben- 
zamidinato]zirconium dichloride, bis(dimethylbenzamidinato)zirconium dichloride. bis(dicyclohexylacetamidinato)zir- 
conium dichloride, dibromobistriphenylphosphine-nickel, dichlorobistrifluorophenylphosphine-nickeL dibromodiace- 
tonitrile-nickeL dibromodibenzonitrile-nickel, dibromo(1 : 2-bisdiphenylphosphinoethane)nickel 5 dibromo(1 ,3-bisdiphe- 
nylphosphinopropane)nickel : dibromo(1 ! 1 , -diphenylbisphosphinoferrocene)nickel ; dimethylbisdiphenylphosphine- 
nickel. dimethyl(1 ; 2-bisdiphenylphosphinoethane)nickeL methyl(1 ,2-bisdiphenylphosphinoethane)nickel tetrafluorob- 
orate. (2-diphenylphosphino-1-phenylethyleneoxy)phenylpyridine-nickel J dichlorobistriphenylphosphine-palladium, 
dichlorodibenzonitrile-palladium, dichlorodiacetonitrile-palladium, dichloro(1,2-bisdiphenylphosphinoethane)palladi- 
um. bistriphenylphosphine-palladium bistetrafluoroborate ! bis(2 ! 2'-bipyridine)methylHron tetrafluoroborate etherate, 
1 .4.7-triazacyclononane-1 ,4,7-triyl-titanium chloride, 7-methyl-1 ,4,7-triazacyclononane-1 ,4-diyl-titaniumdichloride, 
4.7-dimethyl>1 s 4,7-triazacyclononan-1-yl-titanium trichloride, etc. Other preferred examples of the compounds are 
those having a diimine ligand, including, for example, complex compounds of a general formula (6): 




wherein R 30 and R 33 each independently represents an aliphatic hydrocarbon group having from 1 to 20 carbon atoms, 
or an aromatic group having a hydrocarbon group on the ring and having from 7 to 20 carbon atoms in total; R 31 and 
R32 eac h independently represents a hydrogen atom, or a hydrocarbon group having from 1 to 20 carbon atoms, and 
R31 and R 32 may be bonded to each other to form a ring; X 2 and Y 2 each independently represent a hydrogen atom, 
or a hydrocarbon group having from 1 to 20 carbon atoms; and M 2 represents a transition metal of Groups 8 to 1 0 of 
the Periodic Table. 

[0041] In formula (6), the aliphatic hydrocarbon group having from 1 to 20 carbon atoms for R 30 and R 33 may be a 
linear or branched alkyl group having from 1 to 20 carbon atoms or a cycloalkyl group having from 3 to 20 carbon 
atoms, concretely including a methyl group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl group, 
an isobutyl group, a sec-butyl group, a tert-butyl group, a pentyl group, a hexyl group, an octyl group, a decyl group, 
a tetradecyl group, a hexadecyl group, an octadecyl group, a cyclopentyl group, a cyclohexyl group, and a cyclooctyl 
group, etc. Into the ring of the cycloalkyl group, a suitable substituent such as a lower alkyl group or the like may be 
introduced. 

[0042] The aromatic group having a hydrocarbon group on the ring and having from 7 to 20 carbon atoms in total 
includes, for example, phenyl and naphthyl groups with at least one linear, branched or cyclic C1 -1 0 alkyl group being 
on the aromatic ring. For R 30 and R 33 , preferred is an aromatic group having a hydrocarbon group on the ring, and 
especially preferred is a 2,6-diisopropylphenyl group. R 30 and R 33 may be the same or different. 
[0043] The hydrocarbon group having from 1 to 20 carbon atoms for R 31 and R 32 includes, for example, a linear or 
branched alkyl group having from 1 to 20 carbon atoms, a cycloalkyl group having from 3 to 20 carbon atoms : an aryl 
group having from 6 to 20 carbon atoms, and an aralkyl group having from 7 to 20 carbon atoms. For examples of the 
linear or branched alkyl group having from 1 to 20 carbon atoms and the cycloalkyl group having from 3 to 20 carbon 
atoms for R 31 and R 32 , referred to are those of the C1-20 aliphatic hydrocarbon group mentioned hereinabove for R 30 
and R 33 . The aryl group having from 6 to 20 carbon atoms includes, for example, a phenyl group, a tolyl group, a xylyl 
group, a naphthyl group, a methylnaphthyl group, etc.; and the aralkyl group having from 7 to 20 carbon atoms includes, 
for example, a benzyl group, a phenethyl group, etc. R 30 and R 31 may be the same or different, and may be bonded 
to each other to form a ring. 

[0044] For examples of the hydrocarbon group having from 1 to 20 carbon atoms for X 2 and Y 2 referred to are those 
of the C1-20 hydrocarbon group mentioned hereinabove for R 31 and R 32 . For X 2 and Y 2 especially preferred is a 
methyl group. X 2 and Y 2 may be the same or different. 

[0045] M 2 indicating a transition metal of Groups 8 to 10 of the Periodic Table has been described hereinabove. 
[0046] Specific examples of the complex compounds of formula (6) are compounds of the following formulae [1 ], [2], 
[3], [4], [5], [6], [7]. M. PI [10]. [11] and [12]. 
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0- 

(CH 3 ) 2 CH' Y XH(CH 3 ) 2 



(CH 3 ) 2 CH^^CH(CH 3 ) 2 



(7) 



0 

(CH 3 ) 2 CH' y ^CH(CH 3 ) 2 

CH3 V N - / H 

(CH 3 ) 2 CH V ^^CH(CH 3 ) 2 

m 




(CH 3 ) 2 CH V ^^CH(CH 3 ) 2 




(CH 3 ) 2 CH V ^^CH(CH 3 ) 2 
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(CH3) 2 CH 




CH(CH 3 )j 



C1D 



o 

(CH^CH'^f ^CH{CH3) 2 




(CH 3 ) 2 CH N ^^CH(CH 3 ) 2 



(12) 



[0047J One or more of the complex compounds, optionally as combined, may be used in the invention. 
[0048] The component (E) is at least one selected from a compound group of (e-1 ) oxygen-containing organ ometallic 
compounds, (e-2) ionic compounds capable of reacting with the transition metal compounds to form ionic complexes, 
and (e-3) clay, clay minerals and ion-exchanging layered compounds. 

[0049] The oxygen-containing organometallic compounds (e-1 ) include compounds of the following general formulae 
(7) and (8) : 



R 
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,35 R 36 R 37 



R^-ft-o^^-o^r- a 3 -r 



38 (?) 



R 39 R 40 



(8) 



(h + i) and (j + k) each are at least 1 . 34 ^ j dudes a methy | 

[0050] In formulae (7) and (8), the alkyl group having from 1 to 8 carbon a oms Jtor n 

U an ethy, group, an n-propy, group, an isopropyl = ^^^Z^Z^W* of 
types of hexyl group, all types of heptyl groups, and f".^^^^^ 0 f those metal elements, 

tanediol. catechol, trimethylsilanol, triphenyls.lanol, etc. comp0 unds to form ionic complexes 

and Lewis acids. ™mnricp an anion with Dlural qroups bonded to a 

invention. 

([L 3 -H] 9+ ) f ([M 3 D 1 D 2 ..D p ] (p - q) -) 1 (9) 



(D- 



.r),(lMVD 2 ...D p ] (p ^) 1 (10) 



W hereinL3indic^ 
M^achrepresentsametalse^f^ 

group, an alky, group having from 1 to 20 carbon atoms, an aryl g roup hav-n f B 41 and ^ each 
an integer of 1 or more; and I = [f x g/(p - q)J. aluminium, silicon, phos- 
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preferred examples of the metal for M 6 are iron : cobalt, and nickel. 

[0056] Concretely., preferred examples of the dialkylamino group for D 1 to D p in formulae (9) and (1 0) are a dimeth- 
ylamino group., a diethylamino group, etc.: those of the alkoxy group for them are a methoxy group, an ethoxy group, 
an n-butoxy group, etc.; and those of the aryloxy group for them are a phenoxy group, a 2,6-dimethylphenoxy group, 
a naphthyloxy group, etc. 

[0057] Preferred examples of the alkyl group having from 1 to 20 carbon atoms are a methyl group, an ethyl group, 
an n-propyl group, an isopropyl group, an n-butyl group, an n-octyl group, a 2-ethylhexyl group, etc.; those of the aryl 
group having from 6 to 20 carbon atoms, the alkylaryl group and the arylalkyl group are a phenyl group, a p-tolyl group, 
a benzyl group, a pentafluorophenyl group, a 3,5-di(trifluoromethyl)phenyl group, a 4-tert-butylphenyl group, a 2, 
6-dimethylphenyl group, a 3,5-dimethylphenyl group, a 2,4-dimethylphenyl group, a 2,3-dimethylphenyl group, etc. 
[0058] The halogen is preferably fluorine, chlorine, bromine or iodine; and preferred examples of the organometalloid 
group are a pentamethylantimonyl group, a trimethylsilyl group, a trimethylgermyl group, a diphenylarsenyl group, a 
dicyclohexylantimonyl group, a diphenylboryl group, etc. 

[0059] Preferred examples of the substituted cyclopentadienyl group for R 41 and R 42 include a methylcyclopentadi- 
enyl group, a butylcyclopentadienyl group, a pentamethylcyclopentadienyl group, etc. 

[0060] In the invention, concretely, preferred examples of the anion with plural groups bonded to a metal are B 
(C 6 F 5 ) 4 -, B(C 6 HF 4 ) 4 , B(C 6 H 2 F 3 ) 4 -, B(C 6 H 3 F 2 ) 4 -, B(C 6 H 4 F) 4 , B[C 6 (CF 3 )F 4 ] 4 ", B(C 6 H 5 ) 4 -, FB(C 6 F 5 ) 3 ', FB(C 10 F 7 ) 3 -, 
PFg, P(C 6 F 5 ) 6 -, AI(C 6 F 5 ) 4 , AI(C 6 HF 4 ) 4 -, FAI(C 6 F 5 ) 3 -, FAI(C 10 F 7 ) 3 , etc. Preferred examples of the metal cation are 
(C 5 H 5 ) 2 Fe+, (CH 3 C 5 H 4 ) 2 Fe + , [(CH 3 ) 3 CC 5 H 4 ] 2 Fe+, [(CH 3 ) 2 C 5 H 3 ] 2 Fe+, [(CH 3 ) 3 C 5 H 2 ] 2 Fe+, [(CH 3 ) 4 C 5 H] 2 Fe + , 
[(CH 3 ) 5 C 5 ] 2 Fe + J Ag 4 , Na 4 , Li 4 , etc. 

[0061] The other cations are those of nitrogen-containing compounds such as pyridinium, 2,4-dinitro-r\l,N-diethyl- 
anilinium, diphenylammonium, p-nitroanilinium, 2,5-dichloroanilinium, p-nitro-N,N-dimethylanilinium, quinolinium, N, 
N-dimethylanilinium, N,N-diethylanilinium, etc.; those of carbenium compounds such as triphenylcarbenium, tri(4-meth- 
ylphenyl)carbenium, tri(4-methoxyphenyl)carbenium, etc.; alkylphosphonium ions such as CH 3 PH 3 + , C 2 H 5 PH 3 + , 
C 3 H 7 PH 3 4 , (CH 3 ) 2 PH 2 4 , (C 3 H 5 ) 2 PH 2 + ; (C 3 H 7 ) 2 PH 2 4 , (CH 3 ) 3 PH 4 , (C 2 H 5 ) 3 PH 4 , (C 3 H 7 ) 3 PH 4 , (CF 3 ) 3 PH 4 (CH 3 ) 4 P 4 , 
(C 2 H 5 ) 4 P 4 , (C 3 H 7 ) 4 P 4 , etc.; arylphosphonium ions such as C 6 H 5 PH 3 4 , (C 6 H 5 ) 2 PH 2 + , (C 6 H 5 ) 3 PH 4 , (C 6 H 5 ) 4 P 4 , (C 2 H 5 ) 2 
(C 6 H 5 )PH 4 (CH 3 )(C B H 5 )PH 2 4 , (CH 3 ) 2 (C 6 H 5 )PH 4 , (C 2 H 5 ) 2 (C 6 H 5 ) 2 P 4 , etc. 

[0062] Preferred examples of the compounds of formula (9) are triethylammonium tetraphenylborate, tri(n-butyl) 
ammonium tetraphenylborate, trimethylammonium tetraphenylborate, triethylammonium tetrakis(pentafluorophenyl) 
borate, tri(n-butyl)ammonium tetrakis(pentaf luorophenyl)borate, triethylammonium hexafluoroarsenate, pyridinium tet- 
rakis(pentafluorophenyl)borate, pyrrolinium tetra(pentafluorophenyl)borate, N,N-dimethylanilinium tetrakis(pentafluor- 
ophenyl)borate, methyldiphenylammonium tetrakis(pentafluorophenyl)borate, etc. 

[0063] Preferred examples of the compounds of formula (1 0) are ferrocenium tetraphenylborate, ferrocenium tetrakis 
(pentafluorophenyl)borate, dimethylferrocenium tetrakis(pentafluorophenyl)borate, decamethylferrocenium tetrakis 
(pentafluorophenyl)borate, acetylferrocenium tetrakis(pentafluorophenyl)borate, formylferrocenium tetrakis(pen- 
tafluorophenyl)borate, cyanoferrocenium tetrakis(pentafluorophenyl)borate, silver tetraphenylborate, silver tetrakis 
(pentafluorophenyl)borate, trityl tetraphenylborate, trityl tetrakis(pentafluorophenyl)borate, silver hexafluoroarsenate, 
silver hexafluoroantimonate, silver tetrafluoroborate, etc. 

[0064] The Lewis acid includes, for example, B(C 6 F 5 ) 3 , B(C 6 HF 4 ) 3 , B(C 6 H 2 F 3 ) 3 , B(C 6 H 3 F 2 ) 3 , B(C 6 H 4 F) 3 . B(C 6 H 5 ) 3 , 

BF 3 , B[C 6 (CF 3 )F 4 ] 3l B(C 10 H 7 ) 3 , FB(C 6 H 5 ) 2 , PF 5> P (C 6 F 5 ) 5l AI(C 6 F 5 ) 3 , AI(C 6 HF 4 ) 3 , AI(C 10 F 7 ) 3 , etc. 

[0065] Clay, clay minerals and ion-exchanging layered compounds for the component (e-3) are mentioned below. 

<1 > Clay and clay minerals: 

For the component (e-3), clay or clay minerals are used. Clay is an aggregate of fine hydrous silicate minerals. 
It is plastic when kneaded with a suitable amount of water, and is rigid when dried. When calcined at high temper- 
atures, it is sintered. Clay minerals are hydrous silicates which are the essential components constituting clay. 

These are not limited to only natural ones, but synthetic products of those substances are employable herein. 
<2> Ion-exchanging layered compounds: 

For the component (e-3), also usable are ion-exchanging layered compounds. Ion-exchanging layered com- 
pounds are characterized by their crystal structure of such that a plurality of crystal planes formed through ionic 
bonding or the like are laminated in parallel layers via weak bonding force between the adjacent layers, in which 
the ions are exchangeable. Some clay minerals are ion-exchanging layered compounds. 

For example, phyllosilicic acid compounds belong to clay minerals. Phyllosilicic acid compounds include phyl- 
losilicic acid and phyllosilicates. As natural phyllosilicates, known are montmorillonite, saponite and hectorite of 
the smectite family; iflite and sericite of the mica family; and mixed layer minerals of smectites and micas, or those 
of micas and vermiculites. 

As synthetic products, known are fluoro-tetrasilicon mica, laponite, smectone, etc. 

Also mentioned are ionic crystalline compounds having a layered crystal structure, such as a-ZrfHPO^, y- 
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sium : etc.: and dialkylzincs such as dimethylzinc, diethylzinc ; ethyl-n-propylzinc : diisopropylzinc, etc. Of these orga- 
nometaliic compounds, preferred are organoaluminium compounds, and more preferred are trialkylaluminiums. In the 
invention, one or more of the alkylating agents may be used either singly or as combined for the component (F). 
[0070] Preferably, the olefin polymerization catalyst is prepared from the above-mentioned catalyst components in 
an inert gas atmosphere of nitrogen gas or the like. The catalyst may be prepared and stored in a catalyst tank, or may 
be prepared in situ in a polymerization reactor in which the monomers are polymerized in the presence of the thus- 
prepared catalyst. In the case of the preparation in the reactor it is desirable that the catalyst is prepared at a temper- 
ature not higher than the polymerization temperature of the monomers, aromatic vinyl compound, etc. For example, it 
maybe prepared at a temperature falling between -30 °C and 200°C, preferably between 0 and 80°C. 
[0071] Regarding the blend ratio of the components, the molar ratio of the oxygen-containing organometallic com- 
pound (e-1 ) to the transition metal compound of the component (D) preferably falls between 1 :0.1 and 1 :1 00000, more 
preferably between 1 :0.5 and 1 : 10000. The molar ratio of the ionic compound (e-2) that reacts with the transition metal 
compound to form an ionic complex thereto preferably falls between 1 :0.1 and 1 :1000, more preferably between 1 :1 
and 1 :1 00. The amount of the clay, clay mineral or ion-exchanging layered compound (e-3) may fall between 0.1 and 
1000 micromoles, preferably between 1 and 200 micromoles, relative to the unit amount (g) of the component (D) . 
The molar ratio of the alkylating agent for the optional component (F) to the transition metal compound (D) may fall 
between 1:1 and 1:100000, preferably between 1:10 and 1:10000. 

[0072] If further desired, a chain transfer agent (G) may be used in the invention. It includes, for example, silanes 
such as silane, phenylsilane, methylsilane, ethylsilane, butylsilane, octylsilane, diphenylsilane, dimethylsilane, diethyl- 
silane, dibutylsilane, dioctylsilane, etc.; and hydrogen. One or more of these chain transfer agents may be used either 
singly or as combined. When the amount of the chain transfer agent used is suitably controlled, the activity of the 
catalyst formed will increase. 

[0073] In the polymerization catalyst for use in the invention, at least one component of the above-mentioned com- 
ponents (D), (e-1), (e-2), (e-3) and (F) may be deposited on a particulate carrier. Thus deposited on such a carrier, the 
catalyst is in the form of a solid. 

[0074] As the case may be, the polymerization catalyst may be in the form of a pre-polymerized catalyst that com- 
prises a particulate carrier, the component (E), the component (e-1) (or e-2)), a pre-polymerized polymer or copolymer, 
and optionally the component (F). 

[0075] The particulate carrier for the solid catalyst and the pre-polymerized catalyst may be an inorganic or organic 
compound, and it is fine particulate solid having a particle size of from 10 to 300 u.m, preferably from 20<to 200 um 
For the inorganic carrier, preferred are porous oxides concretely including Si0 2 , Al 2 0 3 , MgO, Zr0 2 . Ti0 2 , B 2 0 3 , CaO, 
ZnO, BaO, Th0 2 , etc., and their mixtures such as Si0 2 -MgO, Si0 2 -Al 2 0 3 , Si0 2 -Ti0 2 , Si0 2 -V 2 0 5 , Si0 2 -Cr 2 0 3 , Si0 2 - 
Ti0 2 -MgO, etc. Of those, preferred are carriers that comprises, as the essential component, at least one selected from 
the group of Si0 2 and Al 2 0 3 . 

[0076] The inorganic oxides may contain minor carbonates, sulfates, nitrates and oxides such as Na 2 C0 3 , K 2 C0 3 , 
CaC0 3 , MgC0 3 , Na 2 S0 4 , AI 2 (S0 4 ) 3 , BaS0 4 , KN0 3 , Mg(N0 3 ) 2! Al(N0 3 ) 3 , Na 2 0, K 2 0, Li 2 0, etc. 
[0077] The particulate carriers have different properties, depending on theirtype and preparation method. Preferably, 
however, their specific surface area falls between 50 and 1 000 m 2 /g, more preferably between 1 00 and 700 m 2 /g; and 
their pore volume falls between 0.3 and 2.5 cm 3 /g. If desired, the inorganic carriers may be baked or calcined at a 
temperature falling between 100°C and 1000°C, preferably between 150°C and 700°C. 

[0078] The particulate carrier for use herein may also be a granular or particulate organic solid having a particle size 
of from 1 0 um to 300 urn The organic compound includes, for example, (co)polymers of essentially a-olefins having 
from 2 to 14 carbon atoms such as ethylene, propylene, 1-butene, 4-methyl-1-pentene, etc.; and also polymers and 
copolymers of essentially vinylcyclohexane or styrene. 

[0079] Using the olefin polymerization catalyst thus prepared in the manner as above, a cyclic olefin, an aromatic 
vinyl compound and an aliphatic a-olefin having from 2 to 20 carton atoms are polymerized. Preferably, the monomers 
are polymerized in the presence or absence of a solvent. The solvent includes hydrocarbons such as butane, pentane, 
hexane, toluene, cyclohexane, etc.; and liquefied a-olefins. The polymerization temperature is not specif icaily defined, 
but preferably falls between -50°C and 250°C, more preferably between 0°C an 200°C. The pressure is not also spe- 
cifically defined, but preferably falls between atmospheric pressure and 20 MPa, more preferably between atmospheric 
pressure and 10 MPa. 

[0080] Not interfering with the effect of the invention, the olefin copolymer of the invention may contain any ordinary 
additives, promoters and others generally employed in polymers. Preferred additives and promoters for the copolymer 
are anti-fogging agent, nucleating agent, tackifier, weatherproof stabilizer, heat-resistant stabilizer, light stabilizer, UV 
absorbent, antistatic agent, electric property improver, anti-aging agent, antioxidant, flame retardant, hydrochloric acid 
absorbent, neutralizing agent, slip-preventing agent, anti-blocking agent, lubricant, dispersant, plasticizer, flowability 
improver, softening agent, liquid softener, vulcanization promoter, vulcanization aid, crosslinking agent, stabilizer, pig- 
ment, dye, colorant, filler, reinforcing agent, foaming agent, foaming aid, defoaming agent, working promoter, rubber 
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Styrene content (mol%) = w/(t • u x 4 + v + w/2 + x + y) x 100. 
35 Norbornene content (mol%) - u x 2 / (t - u x 4 + v ♦ w/2 + x ♦ y) x 1 00. 
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45 

(2) Tensile modulus: 

to the tensile test of JIS K-7113. 

50 

(3) Internal haze: 

the haze test of JIS K-7105. 

55 

(4) Elastic recovery: 
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sample is press-shaped into a JIS-2 #2 dumbbell test piece, and this is marked to indicate a 25 mm distance on the 
side having a constant width. The thus-marked distance is referred to as Lq. Using a tensile tester, the test piece is 
pulled so that the chuck-to-chuck distance (originally 80 mm) is prolonged to 160 mm. The stress rate is 50 mm/min. 
Then, the chuck-to-chuck distance is restored to the original at a stress rate of -50 mm/min. After one minute, the 
5 marked distance of the test piece, dumbbell is read. This is L v The elastic recovery of the test piece is obtained 
according to the equation mentioned below. The value not larger than 0 means that the samples tested did not recover. 



Elastic recovery = [(2L 0 - L.,)/L 0 ] x 100 

10 

wherein L 0 indicates the original length marked on the dumbbell before the test; 
L 1 indicates the prolonged length marked on the dumbbell after the test. 

(5) Glass transition temperature: 

15 

[0090] Using a differential scanning calorimeter (Parkin Elmer's DSC-7), the glass transition temperature of each 
copolymer sample is measured. Briefly, about 10 mg of the sample to be tested is melted in a nitrogen atmosphere at 
1 90°C for 3 minutes, then cooled to -45°C at a cooling rate of 1 0°c/min and kept at -45°C for 3 minutes, and thereafter 
again heated at a healing rate of 10°C/min. The intermediate temperature appearing in the melting profile curve thus 
20 obtained is the glass transition temperature of the sample tested. 

(6) Limiting viscosity: 

[0091] Using an automatic viscometer (Rigo's VMR-053 Model), the limiting viscosity of each copolymer sample is 
25 measured in decalin at 135°C. 

[Production Example] 

[0092] The transition metal compound, (tert-butylamido)(2-indenyl)dimethylsilanetitanium dichloride used in Exam- 
30 pies 1 to 3 was prepared according to the process mentioned below. 

1) Production of 2-bromoindene: 

[0093] Indenebromohydrin (1 00 g : 0.47 mol) was dissolved in one liter of toluene. With 3.5 ml of concentrated sulfuric 
35 acid added thereto, this was ref luxed for 1 hour. Then, this was left cooled to room temperature, and washed with water 
added thereto. The organic layer was separated, and the solvent was evaporated away under reduced pressure. The 
residue was distilled under reduced pressure, and 8.46 g of an yellow oil of the intended compound was obtained. Its 
yield is 9.42 %. 

1 H-NMR (CDCI 3 ): 3.52 (s, 2H), 6.88 (s : H), 6.97-7.70 (m, 4H) 

40 

2) Production of 2-(dimethylchlorosilyl)indene: 

[0094] Magnesium (2 g) was added to tetrahydrofuran (50 ml) in a nitrogen atmosphere. With 1 ,2-dibromoethane 
(0.1 ml) added thereto, this was heated with a drier to activate magnesium. The solvent was evaporated away under 

45 reduced pressure, and tetrahydrofuran (50 ml) was further added to the residue. To this was dropwise added a tet- 
rahydrofuran solution (300 ml) of 2-bromoindene (5.90 g, 25.63 mmols) over a time of 2 hours. After the addition, this 
was stirred at room temperature for 2 hours. The reaction mixture was cooled to -78°C, to which was dropwise added 
a tetrahydrofuran solution (200 ml) of dichlorodimethylsilane (5.0 ml, 41 mmols) over a time of 1 hour. After the addition, 
this was warmed up to room temperature, and stirred at room temperature for 12 hours, and then the solvent was 

50 evaporated away under reduced pressure. The residue was extracted with hexane, and the solvent was evaporated 
away under reduced pressure. Thus was obtained 5.00 g of an orange oil of the intended compound. Its yield is 93.2 %. 
1 H-NMR (CDCI3): 0.62 (s, 6H), 3.56 (2H), 6.9-7.65 (5H) 

3) Production of (2-indenyl)-tert-butylaminodimethylsilane: 

55 

[0095] 2-(Dimethylchlorosilyl)indene (3.00 g, 14.37 mmols) was dissolved in 100 ml of hexane, and cooled with ice. 
To this was dropwise added tert-butylamine (7.55 ml, 71 .9 mmols) over a time of 10 minutes. After the addition, this 
was warmed up to room temperature, and stirred for 12 hours. The supernatant was taken out through filtration, and 
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1H-NMR (CDCI3) : 0.29 (s, 6H), 1.12 (s, 9H), 3.48 (2H), 7.0-7.6 (m, 5H) 

4) Production of (tert-butylamido)(2-indenyl) dimethylsilane-titanium dichloride: 

hexane ' and washed with hexane to obtain 0.3 g of the intended compound. 
15 1H-NMR (CDCI3): 0.78 (S, 6H), 1 .41 (8, 9H), 6.78 (S, 2H), 
7.2-7.5 (m, 2H), 7.6-7.8 (m, H) 

[Example 1] 



20 



25 



30 



up to 50°C. To the autoclave, introduoed was ethylene to have a disso lved 
tensile modulus thereof was 24 MPa; and the elastic recovery thereof was 81 h. 



[Example 2] 



tensile modulus thereof was 8 MPa; and the elastic recovery thereof was 93 *. 
50 [Example 3] 

fn 40 ml of toluene was put into the autoclave through the JSiTSi continuously introduced 
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1 hour. Next : methanol was added to this to stop the copolymerization. With a large amount of methanol added thereto, 
the reaction product was taken out through filtration. The resulting solid was dried under reduced pressure at 60°C for 
4 hours. As a result, 34 g of ethylene-styrene-norbornene copolymer was obtained. Its glass transition temperature 
was 17°C and limiting viscosity was 0.55 (dl/g). Measured through 13 C-NMR its styrene content was 43 mol% and 
5 norbornene content was 4 mol%. The internal haze of the shaped piece (test piece) of the copolymer was 9.5 %; the 
tensile modulus thereof was 17 MPa; and the elastic recovery thereof was 94 %. 

[Production Example 2] 

10 Production of rac-isopropylidenebis(4,5-benzoindenyl)zirconium dichloride: 

[0100] This was produced according to known information in J. Chem. Soc. : 1952, 3605-3607; Organometallics, 
1994 : 13, 964-970; Bull. Soc. Chim., 1967, 987-992; Aust. J. Chem. s 1992,45, 1315: and EP 0872492A2. 

15 [Example 4] 

[0101] 295 ml of toluene, 50 ml of styrene, 15 ml of norbornene, and 0.50 ml of a toluene solution of triisobutylalu- 
minium (1 .0 mol/liter) were put into a 1 .6-liter autoclave equipped with a catalyst supply tube, in that order, and heated 
up to 50°C. To the autoclave, introduced was ethylene to have a pressure of 0.3 MPa (gauge). Next, a solution of 10.0 

20 jimols of rac-isopropylidenebis(4,5-benzoindenyl)zirconium dichloride (this was prepared as above) and 5.0 mmols of 
methylalumoxane dissolved in 40 ml of toluene was put into the autoclave through the catalyst supply tube. With 
ethylene and styrene being copolymerized therein, the inner pressure of the autoclave decreases. Therefore, ethylene 
was continuously introduced into the autoclave so that it could keep the pressure of 0.3 MPa (gauge), and the copol- 
ymcrization was continued for 1 hour. Next, methanol was added to this to stop the copolymerization. With a large 

25 amount of methanol added thereto, the reaction product was taken out through filtration. The resulting solid was dried 
under reduced pressure at 60°C for 4 hours. As a result, 7.3 g of ethylene-styrene-norbornene copolymer was obtained. 
Its glass transition temperature was 9°C and limiting viscosity was 0.76 (dl/g). Measured through 13 C-NMR, its styrene 
content was 20 mol% and norbornene content was 10 mol%. The internal haze of the shaped piece (test piece) of the 
copolymer was 9.2 %; the tensile modulus thereof was 9 MPa: and the elastic recovery thereof was 93 %. 

30 

INDUSTRIAL APPLICABILITY 

[0102] The olefin copolymer of the invention has a suitable modulus of elasticity and has good elastic recovery and 
transparency. Therefore , it is favorable for molding materials for films and sheets in the field of wrapping and packaging 
35 applications and also in the field of medical therapy and agriculture. The olefin copolymer is a novel olefin resin of 
which the properties are enough for substitutes for soft polyvinyl chloride. 



Claims 

40 

1. An olefin copolymer comprising [A] a cyclic olefin, [B] an aromatic vinyl compound and [C] an aliphatic a-olefin 
having from 2 to 20 carbon atoms, which is characterized in that (1) the component [A] accounts for from 0.1 to 
30 mol%, the component [B] accounts for from 0.1 to 49.9 mol%, and the total of the components [A] and [B] 
accounts for from 0.2 to 50 mol% 3 and (2) the copolymer has a glass transition temperature Tg of lower than 60°C. 

45 

2. The olefin copotymer as claimed in claim 1, wherein the component [A] accounts for from 0.1 to 10 mol% ; the 
component [B] accounts for from 0.1 to 45 mol%, and the total of the components [A] and [B] accounts for from 
0.2 to 50 mol%. 

so 3. The olefin copolymer as claimed in claim 1 or 2, of which the glass transition temperature Tg is lower than 30°C. 

4. The olefin copolymer as claimed in any of claims 1 to 3, of which the limiting viscosity measured in decalin at 
135°C falls between 0.01 and 20 dl/g. 

55 5. The olefin copolymer as claimed in any of claims 1 to 4, of which the tensile modulus is at most 600 MPa. 

6. The olefin copolymer as claimed in any of claims 1 to 5, of which the internal haze is at most 20 %. 
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. Films and sheets formed from the olefin copolymer of any of claims 1 to 7. 
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